Wastewater, despite being a serious environmental constraint, has been identified as a source of valuable commodities including phosphate, ammonia, metal ions and volatile fatty acids. Using lowcost physical pre-treatments, filtration technology gives the opportunity of recovering materials in purified concentrated liquid form and purified water. Filtration also allows manipulation of the nutrient content in the effluents enabling the formulation of a series of streams enriched with important chemical components, enabling their reformulation into balanced nutrient media for microbial growth and the production of biofuels, acids and other chemicals such as lipids and enzymes. This approach benefits industry through the use of a relatively abundant inexpensive feedstock able to be recycled to produce high value chemicals while reducing the carbon footprint of the fermentation and reducing waste disposal. Examples of potential schemes of nutrient formulation and their application are presented.
INTRODUCTION
Wastewater -domestic, municipal, or industrial -is a serious environmental problem that needs to be treated effectively in order to be safely discharged in the environment. Wastewater is often found to contain hazardous chemicals including metals (e.g. As, Pb, Cr, Cd and Zn), toxic compounds such as endocrine disruptors, dyes and a strong, pungent odour due to the high content of organic matter. However, waste streams have also been identified as a source of valuable commodities including phosphate, ammonia, metal ions and volatile fatty acids (VFA) (Jung & Lovitt ) .
Various methods have been proposed for treating wastewater to make it safe for discharge in the environment that require costly plant processes using energy, bioremediation and additional physical and chemical treatments (Tchobanoglous et al. ) . These treatments generally do not allow either the recovery or the reuse of chemicals leading to the loss and dilution of important resources (Zacharof & Lovitt ) . This review will investigate membrane processes and their potential for valorising wastewater by recovering valuable nutrients that could also be precisely reformulated as media for microbial production of platform chemicals. It will be argued that such an approach will improve waste treatment by reducing its costs by producing clean water and valuable chemical streams. This strategy could have a significant impact enhancing environmental sustainability of biofuels and chemicals production.
Moreover, the food industry is shifting towards the intensive production of ready to eat foods that are consumed in venues with fewer conventional methods of stabilising food, therefore resulting in even larger amounts of waste (Jones et al. ) . In addition to the directly occurring waste due to food processing (slaughterhouse, dairy, wheat and corn milling, sugar and starch processing, vegetative processing, fish and poultry processing, alcoholic and nonalcoholic beverages and soft drinks manufacturing and processing), the food industry is associated with agricultural waste (organic waste and agricultural residues) produced by intensive animal and crop farming to satisfy the demand for food, reaching 264,854 tonnes per annum (GOV.UK ) in the United Kingdom alone. Agricultural waste comes third in terms of waste industry size, comparable only with municipal solid waste (Li & Yu ) . Such waste imposes environmental constraints, since conventional treatments such as landfilling or landspreading may cause eutrophication and land and water toxicity due to the freely available nutrients and metals spread in the water and soil.
There are also human health concerns due to land-related pathogenicity contained in the raw materials (Zacharof & Lovitt a Ammonia has a market value of US$800/t with a global consumption of over 150 million tonnes. As well as being used heavily in fertilisers it is also an important component of various commercial and industrial products. It has a large production carbon footprint (best practice being 4 tonnes of CO 2 per tonne of ammonia) as during its synthesis methane is reformed to produce H 2 and CO 2 . In addition, the disposal and return of ammonia to the atmosphere through nitrification and denitrification adds additional costs to wastewater treatment.
Consequently, reclaiming these valuable chemicals such as phosphorus, ammonia, metals and organic acids are important steps to improve sustainability and reduce the environmental impact of these potentially hazardous materials. This approach has multiple benefits including: recycled materials that will substitute for newly synthesised or mined materials; the reduction in the volume and concentration of waste will reduce demand and costs in waste treatment plants; creation of valuable streams such as formulation of nutrient streams for application in agriculture and bioprocessing (Zacharof & Lovitt ) .
MEMBRANE TECHNOLOGY AND RESOURCE RECOVERY
Recovery and separation of wastewater, with its diverse composition and complex physicochemical nature, calls for innovative, cost-effective engineering methods and strategies for recovery of materials. Within this context, low energy physical treatments such as dilution, sedimentation and filtration/diafiltration using pressure driven membrane technology can offer a viable solution.
Particle separation can be achieved over a wide range of membrane technologies covering microfiltration (MF), ultrafiltration, nanofiltration (NF) and reverse osmosis (RO); the substances of interest can be clarified, fractionated, and concentrated to produce high value streams at low cost.
Membrane technology is still a rapidly developing technology, it is easily scalable with numerous arrangements and alternatives, often easy to incorporate and integrate into waste treatment processes. They offer high productivity These effluents, if used as nutrient media, are potentially highly profitable, especially when compared with the traditional synthetic media or that derived from food sources such as crops.
Filtration allows manipulation of the nutrient content, since it can be combined with leaching and acidification using MF or selective separation and concentration using subsequent NF and RO processes. This approach has several advantages such as: recycled materials that will substitute for newly synthesised or mined materials; and reduction in the volume and concentration of waste which will reduce demand and costs in waste treatment plants.
GROWTH MEDIA FOR MICROBIAL PRODUCTION SYSTEMS
Industrial wastewaters from food processing industries, breweries and agricultural wastewater from animal confinements are ideal candidates for biotechnological production of high value and platform chemicals (Angenent et al. Previous research has shown the strong potential of discharged waste effluents to be used as nutrient media for production of various biobased chemicals (Table 1) .
However, these studies have been conducted into relatively dilute effluents or leachates, with relatively low solids content, such as whey or municipal wastewater percolate. These effluents have not been formulated in order to address the precise nutritional needs of the microorganisms used, consequently the productivity of chemicals is feasible but remains in most cases lower than conventional methods, such as fermentations on defined or semi-defined media (Zacharof & Lovitt ) . On the other hand, filtration allows manipulation of the nutrient content, since it can be combined with leaching and acidification using MF or selective separation and concentration using subsequent through membranes, and the generated energy can be used in fermentations to produce energy, liquid fuels and important chemicals (Figure 3 ).
The benefits of such an approach will be further assessed by an analysis and comparison of the carbon footprint and the costs of synthetic and waste-derived growth media, in order to fully estimate the applicability at large scale of such an approach.
